Protein hydrolysate was prepared from common cuttlefish Sepia officinalis by Pepsin. Hydrolysis conditions (time, temperature, and enzyme activity) were optimized by response surface methodology (RSM) using a factorial design. The regression coefficient was close to 0.999, observed during both experimental and validation runs, and indicated the validity of prediction model. An enzyme activity to substrate ratio (X1), 0.04 AU/g protein; time (X2), 85 minutes; and temperature (X3), 45 °C were found to be the optimum conditions for a higher degree of hydrolysis (21%) and nitrogen recovery (90%) using Pepsin. According to amino acid analysis results and chemical score, methionine and histidine are the limiting amino acids in the hydrolysates, in that order. All other amino acids are present in sufficient quantity as required.
Introduction
The cephalopods (cuttlefish, common octopus, and squid) are an important economic resource for global fisheries. Cuttlefish is mainly exported frozen from the Mediterranean countries to Japan. France is the second most important exporter of frozen cuttlefish in the European Union.
Cuttlefish viscera represent an important part of the cuttlefish mass (15-25%). So, their waste represents an important commercial loss. Enzymatic protein hydrolysis is a promising process for underutilized marine products. Fish protein hydrolysates from various sources have been studied extensively and described by several researchers (Kristinsson and Rasco 2000a,b; Liaset et al., 2000; Nilsang et al., 2005; Bhaskar et al., 2007 , Ovissipour et al., 2009 ). Enzymatic hydrolysis allows production free amino-acids, so nitrogen can be more soluble (Espe et al., 1989; Vidotti et al., 2003) . Also, such hydrolysates can be utilized as ingredients in aquacultural feed (Vidotti et al., 2003; Nilsang et al., 2005) and as effective nitrogen sources for microbial growth media (Guerard et al., 2001 ). An addition of exogenous enzymes could make the hydrolytic process more controllable, thereby making it reproducible. Commercial enzymes have often been used for fish hydrolysis due to the high degree of hydrolysis (DH) reached in a relatively short time compared to autolysis (Je et al., 2004; Kim et al., 2001) . Depending on the specificity of the enzyme, environmental conditions, and the extent of hydrolysis, a wide variety of peptides will be generated. The resultant protein hydrolysate will possess particular properties according to the new peptides generated. Several factors, like pH, time, enzyme activity, and temperature, influence enzyme function, offering possibilities to control the process (Viera et al., 1995; Liaset et al., 2000) . In recent years, cephalopoda have been studied only to a minor extent ACCEPTED MANUSCRIPT ACCEPTED MANUSCRIPT 3 in terms of enzymatic hydrolysis. The cuttlefish Sepia officinalis viscera have been studied only in terms of autolysis (Le Bihan et al., 2006) . However, fish enzymes have been widely studied in terms of structural modification, functional properties, biological activities, and lipid and phospholipid recoveries (Kim and Lee, 1987; Quaglia and Orban, 1990; Zhang and Takeshi, 1994; Ravallec-Ple´ et al., 2001; Dumay et al., 2006; Otani et al., 2009) . However, an optimization of the protein hydrolysate production from cuttlefish has not been reported.
The present investigation was undertaken to evaluate the usefulness of Sepia officinalis viscera as a source of recoverable proteins in the form of protein hydrolysate. The aim of the study was to optimize reaction conditions (time, temperature, and enzyme activity) in order to obtain an optimal degree of hydrolysis of cuttlefish proteins (Sepia officinalis) using commercial Pepsin.
The amino acid composition of the protein hydrolysate achieved at optimum conditions and its chemical score were determined as well.
Materials and methods

Biological Material
Cuttlefish (Sepia officinalis) were provided by the seafood processing company "Calembo" (Sfax, Tunisia). The collected viscera were homogenized for 1 min and then frozen at -80°C until used. Endogenous enzymes were not inactivated. The cuttlefish viscera fraction included all the organs usually found in the abdomen of mature specimens.
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Enzymatic material
The Pepsin (EC 3.4.23.1) was provided by DSM. Unlike other endopeptidases, Pepsin hydrolyzes only peptidic bonds (not amide or ester links). Pepsin has broad specificity, with a preference for peptides containing linkages with aromatic or carboxylic L-amino acids. It preferentially cleaves the C-terminal to phenylalanine and leucine. The optimal temperature for Pepsin given by the supplier is between 45 and 50°C, which is suitable for industrial and preindustrial applications since it is not high in energy consumption. Pepsin generates non-bitter peptides; this is suitable for applications in animal feeding. Moreover, it also has been reported that Pepsin hydrolysates show a chemoattractant potential as a feed ingredient (Lian et al., 2001 ).
Hydrolysis design
The frozen and minced viscera were kept at 4°C for one night for thawing and homogenized with MilliQ-purified water (ratio: 1/1, w/v). For each hydrolysis, 100g sample viscera were used, and the mixture was poured directly into a 300 ml closed glass vessel with a double jacket to enable thermic exchanges (heating or cooling). Before the start of the hydrolysis reaction, an initial 15 min mixing was done for the pH adjustment (through the addition of NaOH 1M), and the obtention of the desired temperature (using a water bath).
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Optimization experiments:
Response surface methodology (RSM) was applied to optimize the hydrolysis conditions. The objective of this optimization was protein recovery in the soluble aimed at valorization for animal nutrition, particularly aquaculture feeding.
Central composite design (CCD), with 5 levels of each treatment and 4 replications at the central point was used ( Table 1 ). The range of independent variables, enzyme activity (x1), time (x2), and temperature (x3), was adopted from preliminary experiments (data not published). The CCD in the experimental design consists of eight factorial points, six axial points, and four replicates of the central point (Table 1) . Results for the degree of hydrolysis and nitrogen recovery (NR) as independent variables are shown in Table 1 where Y is the dependent variable (degree of hydrolysis or nitrogen recovery in real value), β0 is constant, and βi, βii, and βij are coefficients estimated by the model. xi, xj are levels of the independent variables. They represent the linear, quadratic, and cross product effects of the x1, 
2.5.Determination of α-amino acid and degree of hydrolysis
The determination of α-amino acid content was conducted by the modified methods of AdlerNissen (1979) and Crowell et al. (1985) . Properly diluted samples (125 µL) were mixed with 2.0 mL of 0.2125 M phosphate buffer, pH 8.2, followed by the addition of 1.0 mL of 0.01% TNBS solution. The mixtures were then placed in a water bath at 50 °C for 30 min in the dark. The reaction was terminated by adding 2.0 mL of 0.1 M sodium sulfite. The mixtures were cooled down at ambient temperature for 15 min. The absorbance was measured at 420 nm, and R-amino acid was expressed in terms of L-leucine. The DH was determined using the modified method of Beak and Cadwallader (1995) and defined as follows (Equation 2):
Equation (2) Lt : the amount of α-amino acid released at time t L 0 : the amount of α -amino acid in original cuttlefish viscera L max : the maximum amount of α -amino acid in cuttlefish viscera obtained after acid hydrolysis.
Cuttlefish viscera suspension (500 µL) was mixed with 4.5 mL of 6 N HCl. The tube with °C for 24 h (Beak and Cadwallader, 1995) . The acid-hydrolyzed sample was filtered (Whatman paper no. 1) to remove the solid debris. The supernatant was neutralized with 6 N NaOH before α -amino acid determination.
Determination of NR
After achieving the hydrolysis reaction, the supernatant was obtained by centrifuging at 20 000 g for 15 min. The volume of soluble fraction was recorded, and total nitrogen in supernatant was determined using Kjeldahl method (AOAC, 1995) . NR was calculated as follows (Equation 3):
Equation (3) 
Proximate composition
Proximate analysis of the raw material and protein hydrolysate was performed for moisture, ash, and protein according to the procedures of the Association of Official Analytical Chemists (AOAC, 1995) . Total fat was extracted with a mixture of chloroform and methanol by following the method of Bligh and Dyer (1959) .
Amino acid composition
Samples for analysis of total amino acids were hydrolyzed in 6 M HCl for 18 h at 118 °C and
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8 analyzed by gas chromatography-flame ionization detector (GC-FID) system (Perkin Elmer Autosystem XL, Waltham, MA, USA) after derivatization with the EZ: Faast kit method. The temperature of the injector was maintained at 250°C, while the detection occurred at 320°C.
Separation was achieved using a Zebron ZB-AAA GC column (10m x 0.25 mm) with an oven temperature linearly increasing from 110 to 320°C at 32°C/min.
Considering the contents of essential amino acids (EAA), the chemical score of the protein hydrolysate was computed as per Vidotti et al. (2003) considering the EAA in the standard protein, as described by FAO/WHO (1985) . In brief, the chemical score was calculated using the following equation:
Chemical score = Equation (4)
Heavy metal composition of cuttlefish viscera
The concentrations of four toxic heavy metals, arsenic (As), mercury (Hg), lead (Pb), and cadmium (Cd), were determined, after digestion, by the Association of Official Analytical
Chemists methods. Mercury and arsenic levels were determined by hydride generation atomic absorption spectrophotometry, while cadmium and lead levels were determined by graphite tube atomic absorption spectrophotometry. Analyses were carried out in triplicate.
EEA in test protein (g/kg)
EEA in standard protein (g/kg)
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1. Proximate composition of the raw material and cuttlefish protein hydrolysate
The proximate composition of the raw material and spray-dried cuttlefish protein hydrolysates is displayed in Table 2 . The cuttlefish protein hydrolysates powder was of l black color, due to the presence of ink, with fishy odor and taste. Similar results for protein contents were reported by other authors for different fish and degree of hydrolysis (Gbogouriand et al., 2004; Kristinsson and Rasco 2000a; Sathivel et al., 2003) . The cuttlefish protein hydrolysates reported a relatively low fat content. Also, enzymatic hydrolysis can release the fat from tissue and centrifugation before spray drying leads to reduction of the fat content of final cuttlefish protein hydrolysates.
The protein hydrolysate had a low fat content, and a decreased fat content enhances the stability of the product (Nilsang et al., 2005) .
Heavy metal composition
The average values of metal contents, expressed in (mu)g g-1 wet weight were 0.117 for mercury, 0.128 for arsenic, 0.0223 for cadmium, 0.0366 for lead, and non-detectable for tin. The results of this study indicate that the cuttlefish viscera of the Gabès Gulf fishing area of Tunisia have concentrations well below the permissible FAO/WHO levels for these toxic metals. Their contribution to the body burden can be therefore considered negligible, and the resulting cuttlefish protein hydrolysates seem to be safe when incorporated into animal feed.
Response surface analysis 3.3.1. Development of response surface models
Regression analysis was employed to fit a full response surface model for every response investigated, including all linear (X1, X2, X3) and quadratic/interaction terms (X1X2, X1X3, X2X3, X11, X22, X33). The regression coefficients for the 2 nd order response surface models in terms of coded units are shown in Table 5 . The examination of the fitted model was necessary to ensure that it provided an adequate approximation to the true system. The significant coefficients (P< 0.05) were used to develop the models (Table 5) Equation (6) The results of the analysis of variance (ANOVA) for DH and NR in Tables 3 and 4 demonstrate that the statistical model is significant at a 99.999 % confidence level (p< 0.0001). As can be seen from the ANOVA tables (Tables 3 and 4) , among the independent variables the temperature and time had a relatively higher significant effect (p ≤ 0.01) as compared to the enzyme activity (p≤ 0.05). The interactions between the different factors did not significantly influence (p > 0.05) the response variable, except the interaction between time and temperature (p≤ 0.01).
The total determination coefficient, R 2 = 0.955 and 0.972 for DH and NR, respectively, implies that the regression models explained the reaction well. Adjusted R 2 was 0.917 and 0.953 for DH and NR, respectively, which indicates that the model explains 91% and 96% of the variation in the data, and that the experiment error was very small. The value of Predicted R 2 (0.768 and 0.922) was close to that of Adjusted R 2 . The model was considered adequate with adequate precision value that measures the signal to noise ratio. A ratio greater than 4 is desirable (Canettieri et al., 2007) ; this value for DH and NR was 16.25. As the test of lack of fit hypothesis was not significant (p>0.05) in the model, the model was fitted to the data. A good fit means that the generated models adequately explained the data variation and significantly represented the actual relationships between the reaction parameters. These results agreed with nitrogen recovery that had significant model at a 99.999 % confidence level (p<0.0001), R 2 = 0.972, adequate precision of 21.6, and lack of fit at 0.841. 
Interpretation of residual graphs
The normal probability plot, Figures 1a and 1c , shows that the distribution of residual values, which is defined as the difference between the predicted (model) and observed (experimental), forms a straight line, and residual values are normally distributed on both sides of the line indicating that the experimental points are reasonably aligned with the predicted value. In further analysis, each of the observed values for the degree of hydrolysis was compared with the adequate predicted value. The parity plot (Figures 1b and 1d) , displaying the predicted values as function of the actual values, shows an acceptable level of agreement. All these results imply a satisfactory mathematical description of the hydrolysis process by the fitted model.
Optimization of multiple responses
Response surface methodology has been used successfully to optimize the parameters influencing the protein hydrolysis (Cheison et al., 2007; Nilsang et al., 2005) . RSM is a statistical technique for designing experiments, building models, evaluating the effects of several factors, and searching optimum conditions for desirable responses. The 3D response surfaces when one of the variables is fixed at the central point and the other two are allowed to vary are shown in though it has higher value for each of the variables, the DH can not reach the high value, and it will stay at the lower point of DH. This confirmed that time and temperature affected the enzyme hydrolysis activity.
The shape of the hydrolysis curve has been associated with enzyme inactivation, product inhibition by hydrolysis products formed at high degrees of hydrolysis, a low Km value for the soluble peptides that act as effective substrate competitors to the unhydrolyzed protein, and possibly auto digestion of the enzyme (Rebeca et al., 1991; Mullally et al., 1995 In terms of temperature, a range between 48°C to 55°C in this model produced a high DH. An E/S ratio ranging between 0.05-0.09 AU/g protein was desirable to promote the DH, but a continued increase in enzyme concentration did not result in improved DH. We also get this result for nitrogen recovery which showed that DH and NR are related, and a higher DH can lead to achieving a higher nitrogen recovery. In previous studies, Bhaskar et al. (2008) found that the optimum conditions for hydrolyzing Indian carp (Catla catla) visceral waste proteins hydrolyzing at 50% DH were 135 minutes, 55°C, and enzyme concentration of 11 AU/l protein extract at the pH of 8.5. Benjakul and Morrisey (1997) estimated different conditions for hydrolyzing protein waste materials acquired from processing Pacific whiting (Merluccius productus) but by lowering the levels of hydrolysis. Further, it is well-known that the peptide chain length and the DH depend upon the extent of hydrolysis, conditions of hydrolysis, enzyme concentration, and type of the substrate proteins (Kristinsson and Rasco, 2000a) . Hence, the optimum conditions for hydrolyzing different substrates will be different and vary depending upon the substrate used.
Optimization and model validation
The DH has been used as an indicator for the cleavage of peptide bond, whereas NR reflects the yield that can be recovered, the soluble phase, from the hydrolysis process. In order to obtain the maximum nitrogen recovery and degree of hydrolysis of the hydrolysates, the optimization of the Our results showed that NR was directly proportional to DH. The correlation coefficients indicated that a close relationship existed between DH and NR. Similar results were reported by many authors working on enzymatic hydrolysis of marine organisms. Shahidi et al. (1995) reported that the rate of hydrolysis and nitrogen recovery followed the same evolution way. Also, Beak and Cadwallader (1995) presented the same results about the correlation between DH and NR after their study on crayfish processing by-product hydrolysate treated with Alcalase. Early work by Cheftel et al. (1971) on fish protein concentrate showed that an increase in DH is expressive of a positive effect on overall proteolysis, with subsequent increases in solubilization of protein. 
Amino acid composition of the hydrolysate prepared using Pepsin
The nutritional value of food depends on the type and amount of amino acids available for body functions. The spray-dried fish protein hydrolysate was a yellow powder, of which amino acid composition is presented in Table 6 . Chemical score has been used to evaluate the nutritive value of a protein. This parameter compares the levels of essential amino acids among the test and standard proteins (Sgarbieri, 1987 ). In the current study, the chemical scores were computed based on the reference protein of FAO/WHO (1985) and NRC (1993) . Based on this study, leucine was the most abundant amino acid, measuring 70.8 g/kg. The chemical scores computed
indicate that methionine and histidine were the most limiting amino acids as compared to both reference proteins, followed by phenylalanine + tyrosine as compared to reference protein of NRC (1993) and isoleucine in reference to the FAO/WHO (1985) standard. All other amino acids are present in a sufficient quantity as required based on standard references. In nonessential quantified amino acids, the highest concentration in the dry powder was glycine, measuring 150.5 g/kg. The current study used whole fish for FPH production, and the high content of glycine may be due to the skin of fish which has high collagen content. Collagen has high content of glycine. The amino acid in lower concentrations in the hydrolysate was aspartic acid.
Also due to the high temperatures that the hydrolysate was subjected to in the process of spray drying, loss of a portion of the amino acids may take place (Abdul-Hamid et al., 2002) . The amino acid composition indicates that cuttlefish protein hydrolysate can be used in fish diets.
Conclusions
Hydrolysis of common cuttlefish Sepia officinalis using Pepsin resulted in 21.96% DH and 90.11% NR. The DH and NR is influenced significantly by the enzyme concentration, time, and temperature that are applied for the hydrolysis. The optimum hydrolysis conditions using Pepsin included an E/S ratio of 0.04 AU/g protein, 85 minutes as hydrolysis time, and 45°C for the temperature. The hydrolysate prepared from cuttlefish has a good amino acid composition and hence has the potential to be an ingredient in balanced fish diets and in additives in the food industry. 
